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http://upload.wikimedia.org/wikipedia/commons/7/74/LHC.svg

3aodayu LHC u ocHosHbIe mpebosaHus K
demekmopam

LHC npedHa3Ha4yeH Orisl noucka HO8bIX MSXKesbIX Yyacmuuy, —
Xuzecoekoao 6030Ha, cyrnepCuMMemMpPUYHbIX U 3K30MUYECKUX
yacmuu 8 pp-e83aumoodeucmesusix ripu saHepausax 10-14 TaB.

9mo o3Ha4Yaem, Ymo mpebyemcs uamepsame UMMy 1bCbl
MIOOHO8, 351IeKMpOoHO8, chomoHo8 U aHepauu cmpyt 0o 1 T3B.

3adayu akcriepumeHma oripeoesisom mpebosaHus K
demeKkmopam:

* Bbicokoe pa3spelweHue rnpu usMmepeHuu cmpyu, 51ermoHos,
gpOomoHos8

* Bbicokoe bbicmpooeucmesue (40MIu)
* PaduayuoHHasi cmouKocmbe 0emeKmopos
* HMoeHmugbukayusi Hacmuy,



YemaHoeku LHC




HoBoe: npeaenbHble pa3Mepbl AETEKTOPOB U

YCI10BUSA paboThl

Baared Bave Chundens
Raers] s Cuincnaaer

S Bk
Sgerovmntag Ol
High Lerniny Fromces Carier
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2 Bancl KICH

Seall Anpde TIM Cobalnr
v'\l»‘\.uuk

Soty Twal Al Tapwet

Do Bpw
Vasm Umncea
Aenet Demeno

" Trew Ivgaien | banber

i Tracking

DELPHI: dnuna 10 m, duamemp 10 m, sec 3 500 m

DO: paavepbl 15x 9x9m3, 8ec5000m
Lemexkmopsbi LHC: ATLAS CMS
obwuu eec 7000 m 12 500 m
ouamemp 25 m 15 m
OJIUHa 46 m 22 M
[Nlone coneHouda 2T 4T

*  UHmMepean mexoy coydapeHusMu 25Hc

* HanoxeHus cobbimuu

* bBbbicmpbiti ombop uHmMepecHbIx cobbimuli
» Bbicokas epaHyrnsapHocmb 0emeKmopos

» BbicoKkoe pa3peweHue UsMepeHus
UMyrbcos U aHepauu Yacmuy u cmpyd

» [lnumenbHbIU nepuod ycmou4usou
pabomsbl 8 ycriosusix paduauyuoHHO20
goHa



OcHosHble docmuxxeHusi demekmopos LHC

 MacHumHsie cucmembl ATLAS u CMS
» Kanopumempsbi

» [pekosbie cucmembl ATLAS u CMS

* MrwooHHbIU ciekmpomemp ATLAS

 BepwuHHbIl U RICH oOemexkmopsbi
LHCDb

 TPC oemexkmop ALICE



MazcHumHas cucmema ATLAS

Toroid system

End-Cap Toroid:
8 coils in a common cryostat

Barrel Toroid parameters
25.3 m length

20.1 m outer diameter

8 coils

1.08 GJ stored energy

370 tons cold mass

830 tons weight

4 T on superconductor

56 km Al/NbTi/Cu conductor
20.5 kA nominal current

4.7 K working point

End-Cap Toroid parameters
5.0 m axial length

10.7 m outer diameter

2x8 coils

2x0.25 GJ stored energy
2x160 tons cold mass

2x240 tons weight s
4 T on superconductor Barrel Toroid: Lz
2x13 km Al/NbTi/Cu conductor 8 separate coils 7

20.5 kA nominal current
4.7 K working point

o EuNPC+DPG, Bochum 2009
Figure 6. Bare ceatral solenoid in the factory 17-Mar-09, P Jenni (CERN)

after completion of the coil winding.

Cocmoum u3 ueHmparbHo20 mopouda, 08yX mopuesbix U cosieHouoa

CMS — coneHouO 12 m OnuHa, 6 M duamemp



CpasHumernbeHkle napamempbsl MagHUMmMos8

Table 28.10: Progress of superconducting magnets for particle physics detectors.

Experiment Laboratory B Radius Length Energy X/Xg E/M
[T] [m] [m] [MJ] [kJ/ke]
TOPAZ* KEK 1.2 1.45 h.4 20 0.70 4.3
CDF Tsukuba/Fermi 1.5 1.5 507 30 0.54 5.4
VENUS* KEK 0.75 1.75 5.64 12 0.52 2.8
AMY™ KEK 3 1.29 3 40 T
CLEO-II Cornell 1.5 1.55 3.8 25 2.5 3.7
ALEPH* Saclay/CERN 1.5 2.75 7.0 130 2.0 5.5
DELPHI* RAL/CERN 1.2 2.8 7.4 109 1.7 4.2
ZEUS* INFN/DESY 1.8 1.5 2.85 11 0.9 5.5
H1* RAL/DESY 1.2 2.8 5.75 120 1.8 4.8
BaBar INFN/SLAC 1.5 1.5 3.46 27 i 3.6
Do Fermi 2.0 0.6 2.73 5.6 0.9 3.7
BELLE KEK 1.5 1.8 4 42 T 5.3
BES-III' IHEP 1.0 1.475 3.5 9.5 T 2.6
ATLAS-CST  ATLAS/CERN 2.0 1.25 5.3 a8 0.66 7.0
ATLAS-BTT  ATLAS/CERN 1 4.7-9.75 26 1080  (Toroid)
ATLAS-ETT  ATLAS/CERN 1 0.825-5.35 5 2x 250 (Toroid)
CMST CMS/CERN 4 6 12.5 2600 T 12

* No longer in service
T Detector under construction
Y EM calorimeter is inside solenoid, so small X/Xp is not a goal



KayecmeeHHble napamempsb! cosieHouoos ATLAS

u CMS:

criesa - mosujuHa 8 paduayuoHHbIX OriuHax omHocumernbHo B?R

cripasa - OmHoweHuUe aHepauu K sesiuduHe Xorio0Hou maccbl E/IM
OMHoOcUmMersibHO 3arnaceHHouU aHepauu E

3
i CLEO-II
n 25F 0
E= L
o
S ALEPH
s 2 &
5 H1
2 | 'ea:
g DELPHI
g 151
= . S5C-SDC,
% 1 0o prototype
€ e |ZEUS®
2 e TD-"F'ZJ. PEP4- CDF .
r VENUS TPC ATLAS-CS
}_
05 gt CELLO
r WASA
[ o®
0 11 1 1 111 111 L1 1 1 111 ) L 11 11
0 1 2 3 4 5 6 7 8
B2R [T2m]

Figure 28.24: Magnet wall thickness in radiation length as a function of B2R for
various detector solenoids. Gray enfries are for magnets not listed in Table 28.10.
Open circles are for magnets not designed to be “thin.” The S5C-SDC prototype

provided important R&D for LHC magnets.

EM [kJika)

15

10|

ZEUS |y CDF o

O CoMS

55C-5DC
Prototype

0 ATLAS-CS
+ ALEPH

ol

TOP.

¥ H1

AZ ¢
BELLE #
DO ® ciEo-Il ®gagar | DELH

+
BES-iit 9

VENUS

1

10

100
Stored Energy [MJ]

1000

104

Figure 28.25: Ratio of stored energy to cold mass for thin detector solenoids.
Open circles indicate magnets under construction.






ConeHouo CMS

Example of an Engineering Challenge:
CMS Solenoid

CMS solenoid:

Magnetic length 12.5m

Diameter 6m

Magnetic field 4T

Nominal current 20 kA

Stored energy 2.7GJ

Tested at full current in Summer 2006




ConeHouo CMS

The central, heaviest slice (2000 tons)
including the solenoid magnet lowered
in the underground cavern in Feb. 2007 .

s

EUNPCHBR ! T 2009
17 AA= no D lammi~PTEDRI

L In total 15 sllces were installed in this way ‘



CpasHumersribHbIU aHasu3 cucmem

B oboux ycmaHoekax rorse cosieHouda obecrieqyusaem
8bICOKYI0 MOYHOCMb U3MepeHUU UMY 1bCO8
3apPsXKeHHbIX Yacmuu, 861u3u 8epUIUHBbI
g3aumooldeucmeusi

ATLAS: moxem uamepsmb uMnyribCbl MIOOHOS 8
WUpoKoM oduarna3oHe yarioe be3 ucrosib308aHuUs
BHympeHHe20 0emekmopa — Ho!

Bbicokasi cmoumocmsb U 6orbluue pa3mepbl ycmaHO8KU
CMS: sbicokoe umnyrnbcHoe paspeuieHue ¢
ucriosis308aHuUeM BHympeHHe20 0emekmopa —

bonee KoMrnakmHas ycmaHoegka, o2paHuU4YeHHoe
rnpocmpaHcmaeo 071 KarilopumMempos eHympu
cosieHouoa



ATLAS
Detector

45 m
A
—
ATLAS superimposed to Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
the 5 floors of building 40 \

24'm <

P N

) -
i MR
e
’ L. &Y

L

7000 Tons
\

EUNPC+DPG, Bochum 2009 4 \ \

17-Mar-09, P Jenni (CERN) Toroid Magnets Solenoi'd Magnet SCT' Tracker Pixel Detector TRT Fr%lcker




YcTtaHoBka CMS

[ MUON CHAMBERS | | INNER TRACKER | | CRYSTAL ECAL
-, < | | HCAL
= : 2
VERY FORWARD =TT -.g
CALORIMETER ; , :
ALl T
2 o pr=s ’
: s g, e (e B 4 W
; == e N |

Total Weight : 14,500 t.
Overall diameter: 14.60 m
Overall length : 21.60 m
Magnetic field : 4 Tesla




Cekmop CMS ycmaHos8Ku

A slice through CMS

Hadron Muon Spectrometer
Calorimeter
| T | T T T I T
om m m im am [ i ros
Key: }
Muon
Electron

Charged Hadron (e.g. Pion

Silican
Tracker

Jm"'

Electromagnetic
Calorimeter

¥
"
Fobrweny 200¢

Hadron
Calorimeter

Transverse slice
through CIMS

L’!lm“;y. 8 (l‘l/i,

Inner Tracker

EuNPC+DPG, Bochum 2009
17-Mar-09, P Jenni (CERN)




Kanopumempus ATLAS u CMS

* U3mepeHue 3Hepauu

07 e nuoHa 1 TaB mpebyem
| —: 11
] i 11 OnuH noanoweHus A,
’é: i —SE usiu 2 M Fe
;%-100'_ A4 - '—;6‘%
- - ’ﬁ’ T 0/ ® Bock param __: 5 B
- - A/a CDHS data B
i omcman * VsmepeHue aHepauu
50 Liw e S 3
— ml i :{odl mg - \:m lu:?o b N 3neKmpOHa 1 TQB

num in iror the basis of dat l nt l age nentrix I tectors and mpe6yem OO 30 X y

B« k s pa eriz IIH]

unu 18 cm Ph



Twunbl KANopUmMeTpoB

HenpepbIBHbLIN —

Kackag passuBaeTcsa BHyTPW BellecTBa
C BbICOKUM X,

[Mpo3payvHaga cpena, BbICOKMA CBETOBOM
BbIX0O[

HeT notepb Yactuu

Huskasa rpaHynspHOCTbL B NPOAONbHOM
HanpaBneHum

CocTtaBHOU —

Tsaxxenbin nornotutens :Fe, Cu, W, Pb,
U

C aKTMBHbIM MaTepuanom Mexay
CINOSIMM NOrfoOTUTENS : ra3oBble
OeTeKTopbl, N1aCTUKOBbLIE
CUNHTUISIATOPbI U CXKMKEHHbIE
MHepTHbIe rasbl LAr, LKr

CermeHTUpOBaHHOE CYMUTbIBAHME
nHpopmauum

Lead Tungstate crystal SIC-78
from China

ATLAS LAr
Calorimeter




Kanopumempus ATLAS u CMS

Oba a0OpoHHbIX KaropuMempa cocmaeHsle,
HeKkoMmreHcupoeaHHble (e/lh = 1.4)

CocmasHoU XXUuOKoap20H0o8bkIU 351eKMpPoMacHUMHbIU
kanopumemp ATLAS (175 mbic. kaHanoe cHumsigeaHus)

HenpepbigHbIU anekmpomazHUmMHbIU kanopumemp CMS
Ha Kpucmainnax

bornbwou exkrnad 8 co30aHuUe 8cex Karopumempos 8Hecsu
Poccus u OUAN (LybHa)

Ocoboe 3Ha4YeHuUe umeem paspabomka u rpou3toocmaeo
Kpucmarnog 0515 3reKkmpoma2HUMmMHo20 Kasopumempa
CMS (u ALICE), ebinonHeHHas 8 Poccuu |cMS Electron and

Photon calorimeter:
(bo2zopooumck) ~ 80 000 PbWO,

crystals



CpasHumeribHbI€ rapaMmempsbl Kpucmarsisios
onsa OM kanopumempos (cripasa) u
paspeweHue IOM karnopumempos (criesa)

______—{CLEO (Pb-A7) |

Parameter: p  MP X o dE/dx A7 18.0 == A EPH (Po-Xe) |
Units: g/em® °C em em MeéViem cm 60— ___’ DELPHI (Pb-Ar) | -
140 -—

Nal{Tl) 3.67 651 259 4.13 4.8 42.9

BGO T7.13 1050 1.12 223 9.0 228
BaFs 4.89 1280 203 3,10 6.6 30.7

120

10.0

8.0

Resolution at 1 GeV, %

6.0-

CsIiTl) 4.51 621 1.86 3.57 5.6 39.3 40
Csl{pure) 4.51 621 1.86 3.57 5.6 39.3 20

0.0

PHWOy 8.3 1123 080 2200 102 2007

Lead-gas
sampling
calorimeters

Lead Glass — i
homogeneous Lead-scintillator
ceT:r?meters sampling Crystal based 0.9

LSO(Ce) 7.40 2050 1.14 207 96 2009 sl o i
GSD[GE:I 6.71 1950 1.38 223 =0 29 9 Fig. 1. Energy resolutions of electromagnetic calorimeters in recent years.

1.8
Effective radiation
length X, cm




[lapameTpbl 3NeKTPOMarHMTHbIX KannopMMeTpPOB

Table 28.9: Hesolution of typical electromagnetic calorimeters. £ 1s in GeV.

Technology (Exp. ) Depth Energy resolution Date
Nal(T1) (Crystal Ball) 20X  2.7%/EY4 1983
BigGesOq2 (BGO) (L3) 22Xp  2%/VE ¢ 0.7% 1993
Cal (KTeV) 27X0 2% /VE ¢ 0.45% 1996
CsI(T1) (BaBar) 16-18Xq 2.3%/EY4* @ 1.4% 1999
CsI(T1) (BELLE) 16Xg  1.7% for Ey > 3.5 GeV 1998
PbWO, (PWO) (CMS) 25Xq 3% /VE®0.5% ¢ 0.2/E 1997
Lead glass (OPAL) 20.5X0 5% /VE 1990
Liquid Kr (NA48) 27Xy 3.2/%VE ¢ 0.42% 4 0.09/E 1998
Scintillator /depleted U 20-30X, 18%/E 1958
(ZEUS)
Scintillator/Pb (CDF) 18X 13.5%/VE 1988
Scintillator fiber/Ph 15X 5.7%) VE & 0.6% 1995

spaghetti (KLOE)
Liquid Ar/Pb (NA31) 27X0  7.5%/VE & 0.5% & 0.1/E 1958
Liquid Ar/Pb (SLD) 21X,  8%/VE 1003
Liquid Ar/Pb (H1) 20-30Xy 12%/vVE & 1% 1998
Liquid Ar/depl. U (D@) 205X, 16%/vE & 0.3% & 0.3/E 1993

Liquid Ar/Pb accordion 25X 10% /E & 0.4% ¢ 0.3/E 1996
(ATLAS)




[loaroTtoBka KpucTanmnos
aneKkTpomMarHuTHoro kanopmumetpa CMS



http://upload.wikimedia.org/wikipedia/commons/5/51/Lead_Tungstate_Crystal_Preparation.jpg

anekmpomazHuUmMHbIU karopumemp CMS Ha
Kpucmarsrnax

 Pa3mepsbi kpucmarnna:
OCHOBaHUe 22MMX22MM
O/lUHa 230 Mm
 Kornuyecmeo Kpucmarsisos:
61 200 8 ueHmMparsnbHouU 4Yacmu
/ 324 8 mopuesbix Yacmsx

 80%csema ebi0erissemcs 3a 25 HC, HO rpu
ceemosom 8bixo0e 30 gpomoHos/MaB



I peKk Kocmu4ecko20 MHOHa 8
a/1eKmpomMa2HUMHOM
Karopumempe CMS

CMS crystal em calorimeter

Response to high energy electrons

b
C 100+
w T Resol
Bﬂ:_ o/E =0 o5
80 m

IR e 120 12 124 12
Energy (GeV)

17.4f10.2 Fp=

Temperature Stability: £0.1 °C
Light response stability: £ 0.1%



Mogynn OM kanopumeTtpa ATLAS

C NpoAOoSIbHOW U NonepeYyHon cermMeHTaumen ans
LEeHTparbHOU U TOPLIEBON YacTeu

Towers in Sampling 3
APxAnN = 0,0245%0.05

Fig. 2. Left: projective view of the EM module showing the longitudinal and lateral segmentation. Right: schematic view of the EM end-cap wheel.



OINEMEHTbI XXNUOKOApProHOBOW
kanopumeTpun ATLAS

,.AAAW_,_A_‘,_—-!

~Copper -
Honcycomb
=== T EST
Honeycomb
¢ ii&ix}&mb
Honc;momb
Nv‘r\.—\’ *..a“’ ~w§w'~-_

Fig. 3. Schematic view of the HEC module (left), and the gap between the
two absorber plates.

Fig. 1. The ATLAS Liquid Argon Calorimeter: (1) the EM barrel; (2) the
EM end-cap: (3) the hadronic end-cap: (4) the forward calorimeter.

Fig. 7. Top left: 25 modules of the HEC wheel. Top middle: EM half- Fig. 4. The face of the electromagnetic FCal module (right).
barrel in its cryostat. Bottom left: the HEC integration in its cryostat

175 000 kananoe cuumoieanuss ATLAS LAr EM karopumempa



R&D and construction for 15 years — excellent EM calo intrinsic performance

4
w

e Stand-alone performance measured in beams with electrons from 10 to 250 GeV

ATLAS/CMS: from design to reality
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ATLAS/CMS: from design to reality

Actual performance exnected in real detector aulte different!!
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Moaynu lNepenHero (a) u Taun (6) -
kanopumeTpoB ATLAS

(a) () <

waveshifter
o
W (Cu) absorber fiber

.

SN\-Q\. )

NN LAr filled
S - tubes
\\“\ng\\@.‘- o ('é'c

\\\\'\Q 2
Hadrons eYe scintillator

tile m
THadrons

Figure 28.21: (a) ATLAS forward hadronic calorimeter structure (FCal2, 3).
Tubes containing LAr are embedded in a mainly tungsten matrix. (b) ATLAS
central calorimeter wedge: iron with plastic scintillator tile with wavelength-shifting
fiber readout.




ATLAS/CMS: from design to reality

Biggest difference in performance perhaps for hadronic calo

Jets at 1000 GeV 5

ATLAS ~3% 5

energy resolution u?:u
CMS ~ 5%

energy resolution,
(but expect sizable
improvement
using tracks at lowe
energies)

E ™S at TE
ATLAS: ¢ ~ 25 GeV
CMS: o ~40 GeV
This may be important
for high mass H/A to 1t
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A

LocmuxxeHusi cocmaegHou Kanopumempuu

Ycnex B co3gaHum KanopnmeTpoB 06ycnoBneH TEXHONTOMMYECKUM
NPOPLIBOM B NPOMN3BOACTBE

cCUUHmMuUISIMopos (Memod rumaes oo daerieHUeM 8 rpecc-gopmMsl)
wmamroeKu cmarsibHbIX fiucmos paduamopa 05151 ATLAS, LHCDb
[Nonepey4yHoe nonoxeHue rniacmuH umeem ripeumMyuiecmea:
docmuzaemcsi 0OHOPOOHOCMb U MexaHu4ecKasl rnpo4YHocma
[lonepey4yHass monuwuHa paduamopa riopsioka usnu meHbwe X0

Ynpowaem eHedpeHuUe cpedcmea KarubposKku: cmaribHbIX mpyboK ¢
audpassiudeckuM rnpueoodom paduoakmueHo20 ucmoYHuka 6e3 co30aHus
He4dyyecmeumesibHbIX 30H

Vcrionib3o8aHue orimu4eckux 80s/10KOH Orisi cbopa u rnepedayu
ceema

CocmaeHble U HernpepbI8HbIE 35IEKMPOMazHUMHbIE KariopuMempbl
OeMOoHCMpuUpyrom cpasHUMbIe rnapamempsl

Bce amu docmuxxeHusi 6yOoym ucrosib308aHbl 8 byOyuwux ycmaHog8Kax



Tpekoskie cucmembl ATLAS u CMS:
npeoesibHbIe rnapamempsi
cocmassisrom

« 80 MJTH. KAHaNOB CYMUTbIBAHUSA MUKCESTbHbIX
neTekTopoB B6Nn3n obnactun coygapeHus B
ATLAS

e 205 M? MUKPOCTPUMNOBBLIX KPEMHUEBbIX
neTekTopoB B Tpekepe CMS u 76 MnH.
KaHaroB — caMbii 60NbLLOWN KPEMHMNEBLIN
OETEKTOP B MUpeE



Tpekep CMS

« Cocmoum u3 13 crioes 8 ueHmMparibHo

14

A

u4dyacmu u

Tpu cros nukcerneu 0o paduyca 11 cm ¢ nnowadbto
ceHcopa 100x150 mkm cyumbiearom 66 MIIH. kKaHasros

CJ/10€8 8 mopuesbiIX YaCcmsisxX
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http://upload.wikimedia.org/wikipedia/commons/4/4f/CMS_Silicon_Tracker_Arty_HiRes.jpg
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End -cap semiconductor fracker

Figure 2. The ATLAS inner detector.



ariemeHmsl BHympeHHez20
demekmopa ATLAS

Module type  |Sensor {Cut length|Outer width| Inner width| Strip pitch| Inter-strip
type (mm) (mm) (mm) (4m) |angle (urad)
Barel Bavel| 63980 63,560 63.560 800 0
End-cap mner | Wi2 61.060 55488 45735 56.9-69 2 207.0
End-cap nuddle| W21 65.085 66.130 55.734 699-830 2070
W22 | 34435 74847 66,152 [834-942 207.0
End-cap outer | W31 | 65540 64635 56475 | 705-81.1 1615
wi2 57515 71814 64.653 815904 1615

Figure 31. Schematic view of a barrel pixel module (top) illustrating the major pixel hybrid and sensor

elements mcluding the MCC (module-control chip), the front-end (FE) clips, the NTC thermistors,

the

high-voltage (HV) elements and the Type0 signal connector. Also shown (middle) 15 a plan view showing

the bump-bonding of the silicon pixel sensors to the polyimide electronics substrate. The photograph at the

bottom shows a barrel pixel module.

Table 11, Extermnal cut dimensions of the SCT barrel and end-cap (EC) sensors. The tolernnce on all external
dumensions 15 = 25 ym: the mask accuracy 15 at the level of +1 ym. The mter-stryp angle 15 that batween
adjacent strips of the sensor. The sensors are fabncated from 4-inch wafers




Cxema rnpoxoxX0eHUss mpeka Yyacmuubl ¢
umnyrnbcom 10 'sB 80 BHympeHHem
demexkmope ATLAS

((R=1082 mm

(R=514mm [P

TRT

R =443 mm
SCTX4
R=371mm

LR =299 mm

R=122.5mm ~ Pixels
Pixels { R =88.5 mm
R =50.5mm
R=0mm

Figure 29. Drawing showing the sensors and structural elements traversed by a charged track of 10 GeV pr
in the barrel inner detector (1 = 0.3). The track traverses successively the beryllium beam-pipe. the three
cylindrical silicon pixel layers with individual seasor elements of 50 x400 um?. the four cylindrical double
layers (one axial and one with a stereo angle of 40 mrad) of barrel silicon microstrip sensors (SCT) of
pitch 80 pm and approximately 36 axial straws of 4 mm diameter contained in the barrel transition radiation
tracker modules within their support structure.

n=14

1106 mm

ne22 . ALY 0L "‘7.
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Table 1
Layout parameters of SCT barrel and endcap detector

SCT bamel SCT endcaps
Silicon area (m?) 4.4 26.7
Omn 4 Barrels 9 Disks/endcap
Channel number ( 10%) 32 3.0
Number of modules 2112 1976
ri¢ Resolution (pm) 16 16
z Resolution (pm) 580 580
Pseudo-Rapidity [yl = =12 =2 | 2=yl <2.5

Coverage
Radial coverage (mm) 300 < r=520 00<r=<520
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Peaucmpalus KocMu4ecKux
MOOHO8 8 ATLAS

[Tpoxox0eHuUe KocMu4ecKko20 I e = s s I
MIOOHa Yepes :
roJ1yrpo80OHUKO8bIU MPeEKepP
ATJIAC: SCT+Pixel,

Pixel monbko (crnipasa)
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cuzHar wyma

BepLUUHHbIU oemexkmop LHCDb




OmKrnuk Ha 8blbpoc Yacmuu o
HarnpaessneHuro rmydka 8 ATLAS

SCT EndCaps beam splash event
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ATLAS/CMS: from design to reality

Monitored Drift—Tube Chambers

#

121

RPC
[\

U

10

torecia-coll

ol =l N -

‘Amsuwn?

[ m———————---

e i SEE SIS 1]
20 18 16 14 12 10 B i} 4 2 m

ATLAS muon spectrometer
* Excellent stand-alone capabilities and coverage in open geometry
* Complicated geometry and field configuration (large fluctuations in acceptance
and performance over full potential n x ¢ coverage (|n| < 2.7)




[Ipeun3noHHble Kamepbl ATLAS

The ATLAS Muon Spectrometer

e ATLAS muon spectrometer:

1150 MDT (monitored drirt tube)
and 32 CSC (cathode strip chamber)
high-precision muon tracking chambers

2 x 3 or 2 x 4 tube layers, d =30mm,
L =0.9-6.2m, 5500 m? covered area

measure momentum stand-alone

Cross plate
to Apr/pr =10% at pr =1 TeV, l.e.

Multilayer
In-plane alignment
Longitudinal beam

measure sagitta orf 500 um
with an accuracy of 50 um

for this you need:

e high intrinsic resolution of tubes (80 um)
e accurately placed tubes in a chamber (20 um)

e good knowledge of chamber positions (30—40 um)

— alignment system to continuously measure
muon chamber positions and deformations during
ATLAS data-taking (no adjustment, only monitoring) '\ "

based on optical sensors (to measure positions) \—/

and temperature sensors (to deduce expansion)

Ch. Amelung ATLAS Muon Spectrometer Alignment System slide 3 of 25



Cucmema koppekuuu MC ATLAS

Alignment System Layout — Barrel

Alignment System Layout — Endcap

e Endcap system elements:

BCAM: CCD camera views two
laser diodes on another BCAM

CCO /lons + Sodes
(viewod by partier)

RASNIK: CCD camera views
coded chessboard mask

projective RASNIKS
allgn chambers
between layers

praxial RASNIKsS

align chambers
within a layer

axtal RASNIKS

allgn chambers
within a layer

reference saCams

- -
allgn chambers P -‘
between Inner layers -
and between sectors

Il:l
In-plane RASNIKS Tl
measure chamber 2-

deformations

Aluminum tubes,
tomperature Sonsors b LA o L =1.9-9.6m, d=80-85mm
measure expansion

large vectors = X and V' vhafty scaled < 100 10 mm large vectors — +2 and ~Z shifty sealed « 100 10 mm ..
E z
5 g
29000 L]
€000
o3
H
Qo0 -3040)
18000} 8 ‘ -10060
EM Wheel Side € socter 13 -— view from IF EM Wheel Side € sector 13 view from [P
L A 1 1 “ " " L " C i Il Il Il I
-10000 -com 0 00 x 10009 ~10800 -5000 L 2000 19009
X X
» pod — ohifrs in X green — shifes in Y atws () v blue ~shifty in +2 * magenta — shifts i -2 arLas (=)
3 barrel layers e Alignment result: [ cxampio: displacements from nominal |
| position in one of the endcap wheels 1
656 MDT chambers reconstructed chamber positions, L a il
~ 6000 sensors rotations, and derormations — plus confirmed by survey, chamber distance

diagnostic information (— next slide) measurements etc at O(100-500 ) level



Cucmema koppekuuu MC ATLAS
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false sagitta
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false sagitta (x2)
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Macwmab rioripasok om
onmu4ecKkou cucmeMbl KoppeKkuuu

Validation Using Cosmic Muons

e First look at straight tracks in ATLAS:

2008 ATLAS cosmic running
with magnetic field off —
10° muon-triggered events

- sagity
%
[
%

a “gold-plated” event
run 91351 event 262222

sagitta changes from
e 5 =-+18448 pum to
e 3 =—56um

when optical alignment
corrections are applied

Ch. Amelung ATLAS Muon Spectrometer Alignment System slide 22 of 25
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Fig. 2. Efficiency of track reconstruction in the Muon System and in the
Inner Detector, using the STACO procedure, as a function of py. Fig. 1. py resolution of track reconstruction in the Muon System and in
the Inner Detector, using the STACD procedure, as a function of py.



IkcnepumeHm LHCb — npeyu3uoHHoe
usmepeHue pacriados B-me30Ho08

LHCb:
Study of B decays and CP Violation

- Dipole magnet (4 T.m)

- Particle Identification (2 RICH)

- 21 layer of Si microstrip detectors (VELO)
- Shashlik (Pb/scint) em calorimeter

- HCAL (Fe/scint),

- MWPC muon system

LCAL
SPD/PS
Magnet RICH2 a1

Beam 2

Pa e st
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Muon system
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l Electromagnetic calorimeter
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Lls

Hadronic calorimster

'8
n

\ .

Tracking system




Pa3speweHue rno macce B-me30Ha ripu uamepeHuu pacrnada B — uu

LHCb — 20 MaB; CMS — 40 M3B; ATLAS — 80 M3aB

i
LHCb RICH performance ;
g
E
Hadron ID from 1-100GeV/c

3 radiators: Aerogel, C,F,,, CF,
484 HPDs: 2.8m2 with 2.5 x 2.5mm? pixels

Allows rare B-decay to be cleanly identified
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RICH system Overview
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RICH system Overview

RICH photodetector requmemenff‘m T e e

Cover total area ~ 2.6 m2 r i l * Experimental dot
Single photon sensitivity 0
Granularity ~ 2.5mm x 2.5mm ok ﬂ
V|S|b|e Clnd UV Sen5|T|V|Ty 2 p.e, peak
25ns time resolution %0 ¢
400 [
80mm Pixel HPD (schematic) ol
Siopluel grroy r 3 be. pedk
{1024 slemants) r p.e. p
e - Cerarnle carvier 200 - .
Ve VACUUM ' LJ L,J
100 T
Photocathade HEEREE PR J o " s
{2V = ; r = |

200 300 400 500 6800
ADC channel number

Phiston

Good photoelectron resolution

NN Low occupancy
Lo bump - . .
\\ bonde E'h“- ary =) Binary Readout electronics
chip

Optical input

window



Lpeughosbie mpybku sHewHe20 mpekepa LHCDb

264 mooyrnsa 5m x 0.34 m
c 53 766 mpybkamu

BHympeHHUU Ouamemp mpy6bku
Panel
(u?wrc‘ieemeath straws, 4.9 mm

not visible) -
nsdepcs T 1OMIHBIG pa3mep demekmopa Sm
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ot TonwuHa 0emekmopa 0.7X0

straw tubes
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IkcriepumeHm ALICE

a. ITS SPD Pixel

b. ITS SDD Drift
c. ITS SSD Strip
d.v0and TO
e. FMD

1. ITS

2. FMD , TO, VO

3. TPC

4. TRD

5. TOF

6. HMPID

7. EMCAL

8. PHOS CPV %

9. MAGNET

10. ACORDE

11, ABSORBER
12. MUON TRACKING
13. MUON WALL
14, MUON TRIGGER
15. DIPOLE
16. PMD
17. ZDC




ALICE e Havane 2008e.




ALICE TPC

d .
. Outer containment volume

: . B Central electrode

ety  Inner containment volume
= _

Figure 28.13: The ALICE TPC shown in a cutaway view. The drift volume is 5 m
long with a 5 m diameter. Gas amplification is provided by planes of anode wires.
(=] o

The TPC 15 eylindrical in shape with an active radial
range Irom about 85 to 250 ¢cm, and an overall length along
the beam direction ol 300cm, divided by the central HV
clectrode mto two drilt regons of 250 cm length. Mult-
wire proportional chambers are mounted into 18 trapezoi-
dal sectors in each end-plate.



http://cdsweb.cern.ch/record/905941

ALICE 1s the only experiment at the Large Hadron
Collider dedicated to the mvestigation ol heavy 1on
collisions. The ALICE Time-Projection Chamber (TPC)
[1] 15 the mamn tracking detector in the ALICE central
barrel, situated between a silicon vertex detector (ITS) [2]
on the mside, a Transinon-Radiation Detector and a Time-
of-Flight array on the outside. It covers the pseudo-
rapidity range |n| <0.9.

The TPC has been designed lor a maximum multipheity
dN & /dy = B000, resulting in 20000 charged primary and
secondary tracks n the acceptance, an unprecedented track
density for a TPC. Although this multiplicity might be
higher by a lactor ol 4 than the extrapoelation [rom RHIC
data, this upper limit has been kept for the design and

ALICE

Fig. . Three-dimensional view of a cosmic ray event as seen in two TPC
sectors.



ALICE TPC
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The position resolution of the TPC including all elffects 1s
expected to vary from 1100 to 800 pum m ¢-direction and
1250 to 1100 pm mn z-direction, depending on r and z. The
dE/dx resolution in simulation lor 1solated tracks 15 5.3%.
Carelul treatment ol the amplitude splitting leads to an
only moderately increased value of 6.5% at dNV /dy = 8000,

Considerable effort has gone mmto the pattern recognition
and tracking soltware, where now a track elliciency ol
about 97% (ol geometrically accepted tracks) has been
reached in simulation for the maximum multphaty, a
value we did not expect to be obtainable 1n the beginning.
The momentum resolution for the TPC alone or combined
with the other tracking devices, 15 shown in Fig. 1. For
dN/dy = 6000 and a magnetic field of 0.5T, the expected
combined resolution 1s better than 4% at 100GeV/e,
implving excellent performance also lor hard probes. To



Tpekosblie demekmopsb! ALICE

[NepeaHuin getekTop Pa3paboTaH 1 N3rotToBreH B
MHOXecTBeHHOCTU FDM Konenrarene
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ALICE Pixel Detector

« SPD is to provide ALICE with adequate secondary vertexing capability for
charm and beauty detection in such a high multiplicity environment
(charged particle multiplicities of up to 8000 per unit of rapidity have been
predicted for head-on Pb-Pb collisions at the LHC). The pseudorapidity
coverage of the inner layer is |n| < 1.95. The two SPD layers allow to
achieve a track impact parameter resolution in the plane perpendicular to
the beam axis better than 50 um for pt > 1.3 GeV/c.

N

Design of the
carbon fiber support of
one sector

Photograph of a ladder

mounted on a prototype bus Ly 1yl
Schematic drawing Pixel bus with 10 chips
of the two barrel layers {half-stave configuration)
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Lemekmopsi LHC soriiomuriu camsie
rnepedosbie MexHos102uuU, pa3sumale 8
rnocrneoHue 10-15 nem.

Poccuuckuu eKrao 8 co30aHue 0emeKmopos
3Ha4yumersieH.

Poccusi pacrioriazaem MHo2uUMU
mexHOos102UsAMU, UCMOfb3yeMbIMU pu
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Beodymcs paspabomku onsg SLHC, ILC,
FAIR, sBfactories, Biomed



